Abstract Optical coherence tomography (OCT) has been proven useful in measuring retinal thickness (RT) in patients with diabetes, although with discordant results in different studies. We examined RT in patients with type 1 diabetes (T1D) with or without minimal diabetic retinopathy (MDR) to test whether OCT is able to identify early retinal changes and potential correlations with metabolic parameters. RT of 102 patients with T1D (53 females, 49 males, aged 27.03 ± 7.4 years) and of 42 healthy controls was examined, with analysis of nine different sectors (fovea, four pericentral and four peripheral sectors). According to the results of basal fundus photography, patients were divided into two groups, without MDR (48 cases) and with MDR (54 cases). Patients with proliferative DR or macular edema were excluded. No difference was found between patients with or without MDR and the control group for all OCT parameters investigated. Mean HbA1c of the last 5 years (P \ 0.001), microalbuminuria (P = 0.002), total (P = 0.046) and LDL cholesterol (P = 0.007) and triglyceride (P \ 0.001) levels were higher in patients with MDR, along with higher prevalence of hypertension (P = 0.013), younger age at diagnosis (P = 0.018) and longer diabetes duration (P \ 0.001) with regard to the patients without MDR and controls, although no significant correlation between these parameters and RT was found. Our study suggests that MDR without macular edema in patients with T1D cannot be detected with OCT. Therefore, the conventional diagnostic methods are mandatory to detect early DR.
Introduction
Diabetes mellitus is commonly associated with both microvascular and macrovascular complications increasing morbidity and reducing life expectancy. There is therefore more and more interest in identifying diagnostic and therapeutic strategies to reduce or delay the possible onset of these complications [1, 2] . Diabetic retinopathy (DR), one of the main causes of blindness in adults, is a relatively common complication, often causing no symptoms or only mild vision problems. Recent studies have identified several new potential mechanisms to explain the etiopathogenesis of pericyte loss or proliferative retinopathy, as the link between the overexpression of human angiopoietin-2 and the pericyte loss or genetic factors [3, 4] . The diagnostic strategies for early detection of DR are of high priority to avoid or prevent loss of vision in patients with diabetes. Ophthalmoscopy, fundus photography and, if necessary, fluorescein angiography are the common techniques used to diagnose DR [5, 6] . Recently, a sensitive, non-invasive and high-resolution method for examining ocular tissue, optical coherence tomography (OCT), has been proposed for early detection of DR; this technique is able to detect even very small changes in the retinal layers, therefore improving the diagnosis and management of DR [7] [8] [9] . In patients with macular edema, it is generally accepted that OCT is a more sensitive technique for measuring retinal thickness (RT) and volume [10] [11] [12] , while the current gold standard for the identification of the incipient lesions related to subclinical macular edema or without loss in cells of the retinal layer is fundus photography [6] . Several studies have reported OCT-documented alterations in the RT of patients with diabetes with DR, although no unanimous results have been obtained [13] [14] [15] [16] . Conversely, only a few authors have published data reporting that OCT is useful in the early stages of DR, as in the presence of subclinical edema [9, 13] . Both increased and decreased thickness in different retinal sectors have been identified in patients with diabetes without clinically detectable macular edema, and without any correlation between RT and metabolic parameters. The aim of our observational study was to determine the variation in OCTmeasured macular thickness in the eyes of selected patients with type 1 diabetes (T1D) with or without signs of minimal DR, in order to detect possible early retinal changes and to investigate factors that might influence any variation in macular thickness.
Materials and methods

Patients
The study involved 102 consecutive patients with type 1 diabetes (mean age 27.03 ± 7.4 years), made up of 53 females (52%) and 49 males (48%), observed in our Outpatients Clinic of Diabetology and Endocrinology Unit from October 2006 to March 2007. Patients gave their informed consent according to the guidelines of the Institutional Review Board at the Faculty of Medicine (University of Palermo). All patients were treated with insulin basal-bolus therapy (3 short-acting or analog injections before meals and one long-acting). Clinical and laboratory parameters were available at diagnosis and then every 3 months, from the beginning of the study. Data included physical examination, mean value of glycosylated hemoglobin (HbA1c) during the previous 5 years, lipid profile (total, HDL and LDL cholesterol, triglycerides), renal function with serum and urine creatinine and microalbuminuria and blood pressure. At the moment of recruitment, patients were divided into two groups depending on the results of fundus photography, those without retinal alterations (group A, 48 cases) and those with minimal diabetic retinopathy (MDR) with no evidence of clinically significant macular edema (CSME) (group B, 54 cases). MDR was defined as the presence of at least two microaneurysms and/or minor hemorrhages in the central retina [17] . A healthy control group was included (group C, 42 cases), age and gender matched, with no family history of ocular disease, glaucoma or any relevant systemic disease. CSME is defined as retinal thickening within 500 lm of the center of the macula or, alternatively, hard exudates within 500 lm from the center of the macula with thickening of the adjacent retina, in accordance with ETDRS) [18] .
OCT measurements
Quantitative assessment of retinal thickness was performed with Stratus OCT-Model 3000 (Carl Zeiss Meditec, Dublin, CA, USA), using the fast macular thickness OCT scan protocol. Briefly, retinal thickness was calculated in 3 areas: fovea (central circle, with a diameter of 1 mm), pericentral area (shaped ring comprised between an inner diameter of 1 mm and an outer diameter of 3 mm) and peripheral or paracentral area (inner diameter of 3 mm and outer diameter of 6 mm). Fast macular thickness scan protocol was performed in both eyes in all subjects and the same expert examiners obtained OCT scans for each eye.
Statistical analysis
Statistical analyses were performed using SPSS for Windows (2001 release 11.0, Chicago, USA). Continuous variables were analyzed as mean values ± standard deviation (SD). Rates and proportions were calculated for categorical data. For categorical variables, differences were analyzed with v 2 test and Fisher's exact test when appropriate. Differences among continuous variables with normal distribution were analyzed by Student's T-test; for continuous variables without normal distribution, we used non-parametric tests and differences were analyzed by the Mann-Whitney U-test. Differences among the three groups (control subjects, group A and group B) were analyzed with Univariate ANOVA and Bonferroni post hoc test. Correlations among RT and metabolic parameters were determined by using Pearson's test. P value of \0.05 was considered statistically significant. Table 1 shows the features of the patients with diabetes subdivided according to the results of the fundus examination at the time of recruitment. There was no significant difference in age and sex between group A and B, whereas in group B the age at the time of diagnosis of T1D was lower than in group A (P \ 0.01). Patients with minimal DR (group B) had a higher disease duration compared with group A as well as higher HbA1c levels (P \ 0.001). The difference in HbA1c levels was found not only at the time of OCT analysis but also during the previous 5 years, as shown in the clinical records (mean values calculated as average of values recorded every trimester). A higher prevalence of hypertension and higher total cholesterol, LDL, triglyceride and microalbuminuria levels were observed in group B in comparison with group A, confirming that group B had less metabolic control. A linear correlation showed that two retinal areas significantly correlated with metabolic parameters; in fact, the thickness of the right peripheral area significantly correlated with HbA1c at the time of the study (r = 0.424, P = 0.009) and with HbA1c mean values of the previous 5 years (r = 0.406, P = 0.013) while the thickness of the right pericentral area correlated with microalbuminuria (r = 0.382, P = 0.020). No correlation was found for other retinal areas. Furthermore, when we compared RT mean values of groups A, B and the age-matched control subjects, no significant difference was detected for any of the parameters examined (Table 2) .
Results
Discussion
Diabetic complications, including diabetic retinopathy, have long been the subject of studies aimed at identifying clear etiopathogenetic factors with diagnostic and therapeutic implications [3, 4] . OCT is currently considered an important biomedical imaging tool for high-resolution retinal evaluation, but without unanimous data in the absence of clinically detectable macular edema [9, 13] . In our study, we investigated whether OCT is able to detect early impairment of diabetic retinal thickness in patients with [20] . In our study, RT in patients with T1D with minimal or no retinopathy is not significantly different from that of the control group. This is consistent with previous reports [21] . Furthermore, OCT-measured RT and its relationship with metabolic factors in patients with T1D have also been assessed. Recently, a correlation was reported between macular thickness and HbA1c values, but only in type 2 diabetes [22] , while in this study only two retinal areas (peripheral and pericentral right areas) significantly correlate with metabolic parameters, HbA1c and microalbuminuria levels, respectively. In conclusion, our data confirm that duration of type 1 diabetes, lipid values, hypertension, microalbuminuria and HbA1c levels (considered both at the time of OCT evaluation and as mean values of the previous 5 years) are the most relevant factors for DR. This study suggests that there is no advantage in performing OCT routinely in patients with T1D without or with MDR in the absence of macular edema. Therefore, we conclude that screening of early DR should be performed by well-recognized conventional methods.
